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Poly(ADP-ribose) polymerase-1 (PARP-1) is a chromatin-associated enzyme that is activated by DNA strand breaks and
catalyzes the transfer of ADP-ribose groups from NAD to itself and other nuclear proteins. Although caspase-mediated
PARP-1 cleavage occurs during almost all forms of apoptosis, the contribution of PARP-1 activation and cleavage to this cell
death process remains unclear. Using immortalized fibroblasts from wild-type (PARP-1/) and PARP-1 knockout (PARP-1/)
mice, and a mouse neuroblastoma cell line (N18), the role that poly(ADP-ribosyl)ation plays in Sindbis virus (SV)-induced
apoptosis was examined. Robust PARP-1 activation occurred in SV-infected cells prior to morphologic changes associated
with apoptotic cell death and PARP-1 activity ceased simultaneously with caspase-3 activation and PARP-1 proteolysis.
PARP-1 activity was maximal before detectable DNA fragmentation, but was absent when DNA damage was most intense.
SV and staurosporine-induced cell death was delayed in fibroblasts lacking PARP-1 activity, suggesting that PARP-1 activation
contributes to apoptotic cell death induced by these stimuli. SV replication was not affected by lack of PARP-1 activity, but
DNA fragmentation and caspase-3 activation were delayed and occurred at lower levels in PARP-1-deficient fibroblasts. Early
virus-induced PARP-1 activation may represent a novel way by which cells signal to the nucleus to regulate protein functionINTRODUCTION
Sindbis virus (SV) is an RNA alphavirus related to
eastern, western, and Venezuelan equine encephalitis
viruses, important causes of acute mosquito-borne en-
cephalitis in the Americas (Strauss and Strauss, 1994).
SV causes a syndrome characterized by fever, rash, and
arthritis in humans, but causes encephalomyelitis in
mice and therefore serves as a model for studying viral
encephalitis and virus-induced neuronal death (Griffin,
1986). SV-induced apoptotic and necrotic cell death oc-
cur in vitro and in vivo, and both contribute to virus-
induced damage in the CNS (Havert et al., 2000; Kimura
and Griffin, 2000; Levine et al., 1996, 1993; Lewis et al.,
1996; Nargi and Griffin, 2001; Nava et al., 1998; Ubol et al.,
1996; Nargi et al., unpublished observation). The mor-
phologic changes that occur in infected neurons are
determined in part by neuronal type and maturity, amount
1 Present address: Dolan DNA Learning Center, Cold Spring Harbor
Laboratories, Cold Spring Harbor, NY 11724.
2 To whom correspondence and reprint requests should be ad-
dressed at Department of Molecular Microbiology and Immunology,
Bloomberg School of Public Health, Johns Hopkins University, 615 N.© 2002 Elsevier Science (USA)
All rights reserved.
164of virus initiating infection, and the neurovirulence of the
infecting virus (Griffin and Hardwick, 1999; Levine et al.,
1993).
Apoptotic cell death plays a major role in develop-
ment, homeostasis, and elimination of individual cells
that threaten an organism’s survival. Characteristic
changes that occur during apoptotic cell death include
cell shrinkage, plasma membrane blebbing, chromatin
condensation, and DNA fragmentation. An important reg-
ulatory step in the apoptotic process is the activation of
caspases, a family of cysteine proteases. Caspases exist
in the cytoplasm as inactive proenzymes that are pro-
cessed to large and small subunits to form the active
enzyme (Nicholson and Thornberry, 1997; Salvesen and
Dixit, 1997, 1999). In addition to caspases themselves,
several other target substrates of caspases have been
identified, including transcription factors, kinases, en-
zymes involved in DNA repair, and cytoskeletal proteins.
Cleavage results in either activation, inactivation, or
change of function of the target protein (Cheng et al.,
1997; Clem et al., 1998; Salvesen and Dixit, 1997, 1999;
Takahashi and Earnshaw, 1996).
Poly(ADP-ribose) polymerase-1 (PARP-1) is a chroma-
tin-associated enzyme that is activated by DNA strandby poly(ADP-ribosyl)ation in response to virus infection. ©
Key Words: PARP; Sindbis; apoptosis.
Wolfe Street, Baltimore, MD 21205. Fax: (410) 955-0105. E-mail:
dgriffin@jhsph.edu.
doi:10.1006/viro.2001.1253, available online at http://www.idealibrary.com
0042-6822/02 $35.00lsevier Science (USA)
breaks and catalyzes the transfer of ADP-ribose groups
from NAD to itself and to nuclear proteins such as topo-2002 E
on
isomerase I, RNA-polymerase II, DNA polymerases, tran-
scription factors, histones, p53, and DNA-dependent ki-
nases (Boulikas, 1990; D’Amours et al., 1999; Ferro and
Olivera, 1984; Hanawalt et al., 1994; Kasid et al., 1989; Li
Oei et al., 1998; Rawling and Alvarez-Gonzalez, 1997;
Ruscetti et al., 1998; Simbulan et al., 1993; Simbulan-
Rosenthal et al., 1999). Poly(ADP-ribosyl)ation regulates
activity of these nuclear factors (D’Amours et al., 1999; Li
Oei et al., 1998; Meisterernst et al., 1997; Rawling and
Alvarez-Gonzalez, 1997; Satoh and Lindahl, 1992; Simbu-
lan et al., 1993). Several apoptotic stimuli activate PARP-1,
and intense PARP activation depletes the cell of its sub-
strate, NAD. In an effort to resynthesize NAD, cellular
ATP is also depleted, and therefore PARP-1 activation
may contribute to cell death by causing energy depletion
(Berger, 1985). Although PARP-1 is activated in response
to DNA damage, robust activation can be detected when
internucleosomal DNA fragmentation cannot be easily
detected (Homburg et al., 2000; Simbulan-Rosenthal et
al., 1998). During apoptotic cell death, PARP-1 is cleaved
by caspase-3 and caspase-7 (Germain et al., 1999; La-
zebnik et al., 1994), which decreases its poly(ADP-ribo-
syl)ation activity to basal levels (Kaufmann et al., 1993).
SV was one of the first viruses shown to induce
apoptosis in infected cells (Levine et al., 1993), and
subsequent studies have indicated that SV triggers ap-
optosis at the cell membrane during the process of virus
fusion and entry (Jan et al., 2000; Jan and Griffin, 1999).
SV infection activates sphingomyelinases and caspases
during apoptotic cell death (Jan et al., 2000; Nava et al.,
1998), and viral and biochemical caspase inhibitors and
antiapoptotic bcl-2 family member proteins decrease vi-
rus-induced death (Jan et al., 2000; Jan and Griffin, 1999;
Levine et al., 1996, 1993; Nava et al., 1998). NAD con-
sumption occurs during SV-induced apoptotic cell death
in neuroblastoma cells, suggesting that PARP activation
occurs during infection (Ubol et al., 1996). Additionally,
proteolytic PARP-1 cleavage occurs at late stages in the
cell death process (Nava et al., 1998; Ubol et al., 1996).
Using immortalized fibroblasts from wild-type (PARP-
1/) and PARP-1 knockout (PARP-1/) mice, and the N18
mouse neuroblastoma cell line, the role that poly(ADP-
ribosyl)ation plays in SV-induced apoptosis was exam-
ined.
RESULTS
SV-infection activates poly(ADP-ribosyl)ation of
cellular proteins
To determine if activation of PARP-1 occurs during SV
infection, immortalized fibroblasts derived from wild-type
mice (Wang et al., 1995) were infected with SV strain
AR339 and poly(ADP-ribose) polymers were detected by
Western blot analysis (Fig. 1A). Poly(ADP-ribose) poly-
mers were first detected 1–2 h postinfection, peaked
between 10 and 12 h postinfection, and were no longer
detected 20 h after infection. Infected cells appeared
morphologically identical to control cells until 12 h
postinfection (data not shown). Additionally, poly(ADP-
ribose) polymers were detected during SV infection of
N18 mouse neuroblastoma cells (Fig. 1C).
Cleavage of PARP-1 correlates with cessation
of ADP-ribose polymer formation
PARP-1 is proteolytically cleaved in SV-infected
apoptotic cells (Ubol et al., 1996). To determine if PARP-1
cleavage correlates with cessation of poly(ADP-ribose)
polymer formation, cellular proteins were examined by
immunoblotting with antibodies recognizing both full-
length and cleaved PARP-1 (Figs. 1B and 1D). Degrada-
tion of the 116-kDa PARP-1 molecule to an 89-kDa frag-
ment 16–20 h (Fig. 1B) and 20–24 h postinfection corre-
lated with decreases in ADP-ribose polymer formation
(Figs. 1A and 1C).
SV and staurosporine-induced death is delayed in
immortalized fibroblasts derived from PARP-1
knockout mice
To determine if PARP-1 activation contributes to SV-
induced cell death, immortalized fibroblasts derived from
PARP-1/ and PARP-1/ mice were infected with SV
strains AR339 and HRSP and viability was measured at
various times postinfection (Fig. 2A). PARP-1/ fibro-
blasts neither express PARP-1 nor exhibit significant
poly(ADP-ribosyl)ation (Simbulan-Rosenthal et al., 1998).
Cell death occurred rapidly in AR339-infected wild-type
fibroblasts but was delayed in PARP-1/ cells (61% dead,
PARP-1/; 22% dead, PARP-1/, 24 h postinfection; P 
0.003). Cell death following infection with the attenuated
SV strain HRSP also occurred more rapidly in fibroblasts
containing wild-type PARP-1 (81% dead, PARP-1/; 31%
dead, PARP-1/; 32 h postinfection; P  0.0004). To
determine if cell death induced by other apoptotic stimuli
was delayed in PARP-1/ fibroblasts, viability of wild-
type and PARP-1/ fibroblasts treated with staurospor-
ine, a protein kinase inhibitor, was determined (Fig. 2B).
Staurosporine-induced cell death was delayed in PARP-
1/ fibroblasts at all times examined.
The absence of PARP-1 does not affect SV replication
To determine if improved survival of SV-infected PARP-
1/ cells resulted from an inhibition of virus replication,
virus growth in PARP-1/ and PARP-1/ fibroblasts was
compared. Supernatant fluids from infected fibroblasts
were collected at various times postinfection and infec-
tious virus was measured by plaque assay (Fig. 3). SV
replication in PARP-1/ fibroblasts was equivalent to
that in fibroblasts containing wild-type PARP-1.
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SV and staurosporine-induced DNA fragmentation is
decreased in PARP-1/ fibroblasts
The internucleosomal cleavage of DNA was quantita-
tively measured in both PARP-1/ and PARP-1/ fibro-
blasts following SV and staurosporine-induced apoptotic
cell death (Fig. 4). Eighteen hours postinfection, cytoplas-
mic histone-associated DNA fragments were detected in
SV-infected and staurosporine-treated wild-type fibro-
blasts. The amount of SV-induced DNA fragmentation
increased at later time points. DNA fragmentation in-
duced by both staurosporine and SV was delayed and
reduced in fibroblasts lacking PARP-1 activity compared
to PARP-1/ cells. SV-induced DNA fragmentation was
not detected in either cell line 12 h postinfection (data not
shown).
SV-induced activation of caspase-3 is delayed in cells
lacking PARP-1 activity
Caspase-3 plays a central role in the execution phase
of programmed cell death and is primarily responsible
FIG. 1. SV infection activates poly(ADP-ribosyl)ation of cellular proteins and cleavage of PARP-1 correlates with cessation of ADP-ribose polymer
formation. (A, C) Poly(ADP-ribosyl)ation levels were determined by Western blot analysis with antibodies to poly(ADP-ribose) in wild-type fibroblasts
(A) and N18 cells (C) infected with SV strain AR339 at an m.o.i. of 10. Extract from N18 cells mock infected for 12 h was included as a negative control
(), and extract from Hela cells ribosylated in the presence of NAD was included as a positive control () (Simbulan-Rosenthal et al., 1998) (C). (B,
D) Full-length and cleaved PARP-1 protein levels were determined by Western blot analysis with anti-PARP-1 in SV-infected fibroblasts (B) and N18
cells (D).
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for cleavage of PARP-1 (Lazebnik et al., 1994). During
apoptotic cell death, the 32-kDa procaspase-3 is acti-
vated by cleavage to 12- and 17-kDa subunits that form
the active enzyme (Nicholson and Thornberry, 1997). To
determine the time course of caspase-3 activation in
SV-infected PARP-1/ and PARP-1/ fibroblasts, cellular
proteins were examined by immunoblot analysis with
antibodies recognizing both pro- and active caspase-3
(Fig. 5). In wild-type fibroblasts, caspase-3 activation was
detectable at 10 h and was robust by 16 h postinfection
(Fig. 5A). Caspase-3 activation was not detectable until
20 h postinfection in PARP-1-deficient fibroblasts and
robust activation was not observed until 24–28 h postin-
fection (Fig. 5B and data not shown).
FIG. 3. The absence of PARP-1 does not affect SV replication. PARP-
1/ and PARP-1/ fibroblasts were infected at an m.o.i. of 5 with SV
strain AR339. Supernatant fluids were collected at various times postin-
fection. Virus titer was determined in triplicate from two independent
experiments by plaque formation on BHK cells and is presented as the
mean number of PFU per ml  SD.
FIG. 2. SV and staurosporine-induced death is delayed in immortal-
ized fibroblasts derived from PARP-1 knockout mice. PARP-1/ and
PARP-1/ fibroblasts were infected at an m.o.i. of 5 with SV strains
AR339 or HRSP (A) or treated with 1 M staurosporine (B). Viability was
assayed at various times postinfection by PI exclusion. Results are
from three independent experiments each done in triplicate and are
presented as the mean percent viability  SD. P  0.003, 0.018, and
0.078 PARP-1/ vs PARP-1/ 24, 32, and 46 h postinfection with AR339
by Student’s t test. P 0.002, 0.0004, and 0.003 PARP-1/ vs PARP-1/
24, 32, and 46 h postinfection with HRSP by Student’s t test. P  0.026,
0.00008, 0.047, 0.00002, and 0.00028 PARP-1/ vs PARP-1/ 4, 8, 16,
23, and 48 h poststaurosporine treatment by Student’s t test.
FIG. 4. SV and staurosporine-induced DNA fragmentation is de-
creased in PARP-1/ fibroblasts. PARP-1/ and PARP-1/ fibroblasts
were infected at an m.o.i. of 5 with SV strain AR339. Apoptotic cell death
was assessed by measuring cytoplasmic histone-associated DNA
fragments by ELISA. Results are from three independent experiments
each done in triplicate and are presented as the mean absorbance 
SD. P  0.000002, 0.000002, and 0.00003 PARP-1/ vs PARP-1/ 18,
24, and 32 h poststaurosporine treatment by Student’s t test. P 0.008,
0.0001, and 0.0009 18, 24, and 32 h postinfection with AR339 by Stu-
dent’s t test.
FIG. 5. SV-induced activation of caspase-3 is delayed in cells lacking
PARP-1 activity. Caspase-3 activation (indicated by cleavage) was de-
termined by Western blot analysis in PARP-1/ (A) and PARP-1/. (B)
cells infected with SV strain AR339 at an m.o.i. of 10. Full-length
caspase-3 is indicated by larger arrow and cleaved caspase-3 by
smaller arrow. Ponceau S (0.1%) staining indicated equal protein load-
ing (data not shown).
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DISCUSSION
Activation of PARP-1 in immortalized fibroblasts and
neuroblastoma cells occurred rapidly after infection with
SV. Robust poly(ADP-ribosyl)ation of proteins was
present prior to morphologic changes associated with
apoptotic cell death and cessation of PARP-1 activity
occurred simultaneously with caspase-3 activation and
PARP-1 proteolysis. PARP-1 activity was maximal before
detectable DNA fragmentation, but was absent when
DNA damage was most intense. SV and staurosporine-
induced cell death was delayed in fibroblasts lacking
PARP-1 activity, suggesting that PARP-1 activation con-
tributes to apoptotic cell death induced by these stimuli.
Although SV replication was not affected by lack of
PARP-1 activity, DNA fragmentation and caspase-3 acti-
vation were delayed and less extensive in PARP-1-defi-
cient fibroblasts.
Early activation of PARP-1 in the absence of detectable
DNA fragmentation occurs following membrane depolar-
ization, treatment with camptothecin, and ligation of Fas
antigen in the presence of cycloheximide (Homburg et
al., 2000; Rosenthal et al., 1997; Simbulan-Rosenthal et
al., 1998). Following membrane depolarization in primary
cortical neurons, inositol 1,4,5-triphosphate-induced
Ca mobilization rapidly stimulates PARP activity, sug-
gesting that phospholipase-C (PLC) signals to the nu-
cleus by poly(ADP-ribosyl)ation of nuclear factors
(D’Amours et al., 1999; Homburg et al., 2000; Li Oei et al.,
1998; Meisterernst et al., 1997; Rawling and Alvarez-
Gonzalez, 1997; Satoh and Lindahl, 1992; Simbulan et al.,
1993). Membrane depolarization occurs following alpha-
virus infection due to virus-induced decreases in cellular
Na/K-ATPase activity (Bashford et al., 1985; Ulug et al.,
1989, 1984). Furthermore, SV infection rapidly and tran-
siently activates PLC in baby hamster kidney cells (A. P.
Byrnes, personal communication) and PLC is activated in
HeLa cells infected with Semliki Forest virus, an alpha-
virus, related to SV (Perez et al., 1993). PLC activation
was not observed in SV-infected neuroblastoma cells,
suggesting that this process may be cell-type dependent
(Jan et al., 2000). Other cellular responses, such as ac-
tivation of NF-kappa B, acidic sphingomyelinase, and
phospholipase-A2, occur at different stages of SV fusion,
entry, and replication, suggesting that multiple signaling
pathways may contribute to rapid PARP-1 activation (Jan
et al., 2000; Jan and Griffin, 1999; Lin et al., 1995; J. T. Jan
and A. P. Byrnes, unpublished data). Cessation of poly-
(ADP-ribosyl)ation activity occurred at the time of
caspase-3 activation and PARP-1 cleavage, suggesting
that inactivation of PARP-1 is mediated by caspase-3
cleavage of PARP-1. Poly(ADP-ribose) glycohydrolase ac-
tivity may also contribute to the lack of ADP-ribose poly-
mers (Lin et al., 1997).
Although caspase-mediated PARP-1 cleavage occurs
during almost all forms of apoptosis, the contribution of
PARP-1 activation and cleavage to this cell death pro-
cess remains unclear. Intense activation of PARP-1 may
lead to cell death due to NAD consumption and ATP
depletion (Berger, 1985; Eliasson et al., 1997). Addition-
ally, inhibition of PARP-1 cleavage with peptide caspase
inhibitors blocks apoptotic events (Nicholson et al., 1995;
Tewari et al., 1995). Our studies show that SV and stau-
rosporine-induced cell death was delayed in PARP-1/
fibroblasts, suggesting that early PARP-1 activation con-
tributes to apoptotic death induced by these stimuli.
Additionally, in the absence of PARP-1 activity, biochem-
ical changes associated with apoptosis, such as
caspase-3 activation and DNA fragmentation, were de-
layed and decreased. Early PARP-1 activation also con-
tributes to camptothecin and Fas-induced apoptosis and
disruption of PARP-1 activity limits cell death induced by
these stimuli (Rosenthal et al., 1997; Simbulan-Rosenthal
et al., 1998). These results suggest that in immortalized
fibroblasts, PARP-1 activation contributes to the morpho-
logic and biochemical changes associated with apopto-
sis.
Two cell death patterns occur following SV infection:
apoptosis and necrosis (Havert et al., 2000; Jackson et
al., 1987, 1988; Levine et al., 1993; Nargi and Griffin, 2001).
The morphologic changes that occur following infection
are determined, in part, by cell type, amount of virus
initiating infection, and the neurovirulence of the infect-
ing virus (Griffin and Hardwick, 1999; Levine et al., 1993).
In parvovirus H-1-infected cells, levels of NAD-consum-
ing enzymes and NAD consumption play a role in deter-
mining outcome. Necrotic cell death occurs following
rapid NAD depletion and inhibition of NAD-consuming
enzymes increases the proportion of virus-infected cells
displaying apoptotic cell death (Ran et al., 1999). NAD
consumption occurs following SV infection (Ubol et al.,
1996) and it is possible that rapid NAD consumption
contributes to SV-induced necrotic death.
In combination with previously reported data, these
studies allow us to propose a sequence of events fol-
lowing SV infection. Early steps of SV fusion and entry
activate acidic sphingomyelinase, PLA-2, and PLC, gen-
erating ceramide, arachidonic acid, and inositol 1,4,5-
triphosphate (Jan et al., 2000; Jan and Griffin, 1999; A. P.
Byrnes, unpublished data). Rapid PARP-1 activation oc-
curs in the absence of DNA fragmentation, and poly-
(ADP-ribosyl)ation consumes cellular NAD (Ubol et al.,
1996). Caspases are activated and cleave PARP-1, rapidly
decreasing its activity. Finally, internucleosomal DNA
fragmentation occurs, but as PARP-1 cleavage has al-
ready occurred, levels of poly(ADP-ribosyl)ation do not
increase. Cell death is delayed in fibroblasts lacking
PARP-1 activity, suggesting that poly(ADP-ribosyl)ation
and NAD consumption may play an important role in
SV-induced cell death.
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MATERIALS AND METHODS
Cell culture
Immortalized fibroblasts derived from both wild-type
and PARP-1 knockout mice (Wang et al., 1995) (kindly
provided by Valina Dawson, Johns Hopkins University
School of Medicine) and N18 mouse neuroblastoma
cells were cultured in Dulbecco’s modified Eagle’s me-
dium supplemented with 10% fetal bovine serum, peni-
cillin (100 U/ml), and streptomycin (100 g/ml) (GIBCO,
Grand Island, NY).
Virus infection, staurosporine treatment, and viability
assays
SV strain AR339 was originally isolated from mosqui-
toes (Taylor et al., 1955) and obtained from the American
Type Culture Collection, Manassas, VA. The heat-resis-
tant small-plaque strain of SV (HRSP) was derived from
serial passages of the HR strain (derived from AR339) in
chicken embryo fibroblasts (Burge and Pfefferkorn,
1966). Virus stocks were grown in BHK-21 cells. For
viability assays, 2  105 PARP-1/ and PARP-1/ fibro-
blasts were plated in six-well dishes and infected at a
multiplicity of infection (m.o.i.) of 5 or treated with 1 M
staurosporine (Sigma Chemical Co., St. Louis, MO). At
various times postinfection, cells were suspended in
phosphate-buffered saline (PBS) containing 5 g/ml pro-
pidium iodide (PI; Calbiochem, La Jolla, CA) and ana-
lyzed by flow cytometry. Cell viability was determined as
the number of cells excluding PI divided by the total
number of events collected (10,000). Results are from
three independent experiments and are presented as the
mean  standard deviation.
Virus titration
Supernatant fluids from AR339-infected PARP-1/ and
PARP-1/ fibroblasts were collected at various times
postinfection. Virus titer was determined by plaque for-
mation on BHK cells.
Histone release assay
Apoptotic cell death was assessed by measuring cy-
toplasmic histone-associated DNA fragments. Unin-
fected, AR339-infected, and staurosporine-treated fibro-
blasts were lysed at various times postinfection. The
lysate was centrifuged at 200 g for 10 min to separate the
cytoplasmic fraction from the cell nuclei. The presence of
histone-associated DNA fragments in cytoplasmic frac-
tions was determined by ELISA according to the manu-
facturer’s instructions (Boehringer Mannheim, Indianap-
olis, IN). Results are from three independent experiments
each done in triplicate and are presented as the mean
optical density  standard deviation.
Western blot analysis
For immunoblot analysis, PARP-1/ and PARP-1/
fibroblasts and N18 cells were infected at an m.o.i. of 10.
At various times postinfection, floating and adherent
cells were combined and lysed in 50 mM Tris–HCl, 150
mM NaCl, 1 mM EDTA, 0.5% NP-40, 0.25% sodium de-
oxycholate, 25 g/ml aprotinin, and 20 g/ml leupeptin.
SDS–polyacrylamide gel electrophoresis and transfer of
proteins (75 g per lane) to nitrocellulose membranes
were performed according to standard procedures.
Membranes were stained with Ponceau S (0.1%) to con-
firm equal protein loading and transfer (data not shown).
After blocking of nonspecific sites, membranes were
incubated with antibodies to poly(ADP-ribose) (1:250 di-
lution), PARP-1 (1:2000 dilution, PharMingen), or with a
mixture of antibodies to pro- and active caspase-3 (1:
1000 dilution, Transduction Laboratories, Lexington, KY
and Cell Signaling Technology, Beverly, MA). The mem-
branes were subsequently probed with appropriate per-
oxidase-labeled antibodies to mouse or rabbit IgG (1:
2000 dilution, Amersham Life Sciences, Arlington
Heights, IL) and immune complexes were detected by
enhanced chemiluminescence (Pierce Chemicals, Rock-
ford, IL). To reprobe blots, membranes were stripped of
antibodies by incubation at 50°C for 30 min in a solution
containing 100 mM 2-mercaptoethanol, 2% SDS, and 62.5
mM Tris–HCl (pH 6.7).
Statistical analysis
Cell viability, virus titer, and DNA fragmentation were
statistically analyzed by Student’s t test using Microsoft
Excel.
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